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ABSTRACT

Preliminary results of a study of the linear, nonadiabatic, radiai
pulsation properties of neutron dLar models are presented. Sequences fjf
pure iron models with masscz of 1.0 H and 1.8 M and a range of lunrinosi-
ties and effective temperatures are ?onsidered.” llzgneLic fields are ig-
nored. The densitieg of the envelopes at their lower boundary range uk~ to
P 2 1012 g/cm3i Equation of state and opacity tables are modificatioli~ of
those pro~ided by the Los Alamos opacity library (I{uebner, et al., ?977).
The motivation for this study was to de.tcrmine vhrthrr or not variations of
thr iron or~city in the outer layers might produce pulsationnl instal]ility.

TN], flODELS

We have constructed mnd(!ls of the outer layers of purr iron stars with
masses of 1.0 h and 1.8 Ma and with radii fixed at 1 x 104 m, This is to
b~ compared wi B] obsr!vatloi]al mass(!s of about 1.4hfQ. The luminosities
ha”vt? values of 0,016 ~ I,/L@ < 15.0 and with (“fccLlvr Lt’mplcritLIJres of

5X I05K$T
‘hh

:3x]OGK. ‘TIIc position of ~hc inner bol’ndary Uf L}M!
@IIVrlOIM’ drpcl~ on the mass of the envrlopc (typically 10-5 l~f tht’ mo:;s of
Lhr star), but in genera] is r. frw hundred mrtcrs, Sincr wr arc con~rrnrd
with a v(?ry thin ]aycr near Lhr surface WC havr used the NCVLOIIYOIIrquittions.
Thr justification for Lhis hns brcrt di~cusscrl by a numhcr of pruplr (src
Cmg,, Gudmllndsrin[l, et al., 1981). The lf!mpt*rature and d,’nsity neur Lh~
boLtom of thr envrlopr vitrird from 1.0 X 108 K ~ T ~ 1.5 > 109 K un,l 3,(I x
1011 g/cm3 ~ p ~ 7.0 X 1912 g/cm3, The gray u]q~roximation ix nfisumrd in
rivtorminirtg Lhc L(’rnl)rrilturr nL. the cuLer hound~ry whi]r Lhr prc~sure is
givrn hy tllc upproximotion Mll~g(hNtcd by Castor nnd rel}ort(h{l by SLrllillRwrrl
(1975). ‘1’~lrdt!nsiLy corrcsl~(~llding to t]lis lwq)crnturc iti of tll~’ ordrr of
2 x 10-2 K/cmJ.
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FiR. 1, The radiative opacities are plotted for pure iron. The actual
table includes both lower and higher Lrml)cratures. They have
been eliminated here for plotting purposes. Each curve corre-
sponds to a different density. ‘l’he dottcrl curve rcpres~nts the
structure of a model, including conduction, with ei’fcctivc temper-
ature near 1 x 106 K,

range of interest, The structure of a typical modrl with Tef near IOG K
is Khown. {The model, of course included conduction and Lhere orr at high
temprruLures the rffective opacity becomes very smnll and the Lrmp(+raturc

nrarly constant. The buwps in the opacity near T R 2 x 107 K find T 2 2 ~
10G X arc duc to K and L tihei] ionization. It is thrsr fratures Lh:tt might
br expected Lo provide some drstHIJ; liz14Li.on of the rnvc]opc.

A criterion for dcstahilization duc to an cnvrlqo ioniz~t ion mrch:l-
ni~tn hns been diacusscd hy CIJX aml Ciuli (1968). 11 the quantity

. n



the internal energy above the level having interior mass m, to the energy
radiated in l/2Tt pulsation periods,

For our hottest models, this is at a T ~ 22 X ]06 K and near Llle peak
of the opacity bump which occurs at T 2 20 x 106 K. Olr coolest ruo(lel has

4 ‘l.OatT= 3.4 x 106 K whereas a small opacity bump occurs at T : 2.0 x
106 K. At this time we have, for technical. reasons, been unable to obtain

models with effective temperatures less than approximately 5 x ;05 K,

The PdV work per zone for our hottest model is shown in Figure 2 for
the fundamental mode. This mode is stable with a fpract.ional kineiic {necgy
growth (decay) rate per period of q : -9 x 10-1”. All other modes in-
vestigated (through the eighth overt%ne) are more stable than the unda-
mental . The models are highly adiabatic with the very small growth ra:es
being quite sensitive to details of the opacity and equation of state data.
The small positive peak near zone 145 is related to the aforementioiled K-
shell ionization. The large exc~rsions near zones ]20 (negative) ald 125
(positive) are due to discontinuities in dlnK/dlnp and are evidently raused
by the coarseness of the tables. The temperature and density 0[ this
region are T z 70-80 X 106 K and ,CI~ 1 X 104 g/cm3. A work plot for a
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lower temperature Tef : 1 x 106 K) shows more structure but again it is
mostly spurious. , ~ave not found any models that show a believable
positive growth rate.

The fundamental ei,:enfunction is large throughout the extent of our
envelope and therefore since the inner boundary is held fixed the period is
not well determined. We have looked at some models which went considerably
deeper to see the effect on the calculated periods. The fundamental period
of the deppest model ,.obstructed was 11 ~ I x ]0-4 s with the pu]saticn
constant Q : 0.03 days. Since these de%p models reach densities much too
high for ~ur equation-of-state data to be valid we do not discuss them
further.

CONCLUSIONS

The opacity mechanism does produce some driving in the outer layers of
pure iron nedtrcn stars. It is, however, not sufficient. to ol~ercol:lt’ Ltie

damping for any of the modrls that we have investigated. The calculations
are fairly sensitive to tile exact details of the opacity tables. Due to
the highly adiabatic character of the pulsations small differences in
opacity derivatives ciin Froduce spurious amounts of driving or darnping.
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